Background--We evaluated the first-medical-contact-to-balloon (FMC2B) time after implementation of a "Call 911" protocol for ST-segment-elevation myocardial infarction (STEMI) interfacility transfers in a regional system.
P rimary percutaneous coronary intervention (PPCI) is the preferred treatment for patients with ST-segmentelevation myocardial infarction (STEMI). Regional cardiac care systems have achieved timely PPCI for patients with STEMI transported by emergency medical services (EMS) to percutaneous coronary intervention (PCI)-capable centers. More than 90% of patients who present directly to PCI-capable centers are treated within 90 minutes. 1 However, only 50% of patients with STEMI utilize EMS and nearly two thirds of hospitals in the United States lack interventional capabilities, resulting in many patients presenting to non-PCI hospitals. Therefore, establishing timely interfacility transfer (IFT) is an important aspect of a regional cardiac care system. Transfer for PPCI within 120 minutes is feasible and improves outcomes in randomized studies as well as in individual high-performing systems. [2] [3] [4] [5] [6] [7] National guidelines thus suggest that systems achieve this target metric. 8 Still, across the United States, a first-medical-contact-to-balloon (FMC2B) time within 120 minutes for transferred patients is rarely achieved. Transfer from non-PCI hospitals is strongly associated with delay to PPCI. 9 While steady progress has been made to reduce FMC2B time for patients who present directly to PCI-capable centers, progress has lagged for these patients with IFT. 10 National estimates for the proportion of patients with IFT receiving PPCI within 120 minutes vary widely and range from 16% to 65%. [11] [12] [13] The ability to minimize time at the transferring hospital has been demonstrated to be particularly challenging and delay in door-indoor-out (DIDO) is associated with increased mortality. 4, 14 Prior recommendations to reduce delays have included prioritizing transfer of patients with STEMI using the 911 system. 15, 16 An early demonstration of this approach is the RACE (Reperfusion of Acute Myocardial Infarction in North Carolina Emergency Departments) project, which is comprised of a coordinated statewide STEMI network that preferentially uses the municipal EMS system for STEMI IFTs and redirects patients with STEMI arriving via local ambulance to a PCI-capable center without off-load at the referral facility. 17, 18 This approach increased the frequency of transfer for PPCI and reduced time to reperfusion for patients with STEMI transfer. A prior pilot study at a single PCI-capable center within the Los Angeles (LA) County regional cardiac system demonstrated the use of 911 for interfacility STEMI transfers to be both safe and feasible, resulting in a 50% reduction in median FMC2B time. 19 In the current study, we evaluated the FMC2B time for patients with STEMI after implementation of a "Call 911" protocol for STEMI IFTs across the entire regional system.
Methods
This is a retrospective cohort study of consecutive patients with STEMI requiring IFT from a non-PCI hospital or STEMI referring hospital, to one of 35 PCI-capable STEMI receiving centers (SRCs). The study was approved with exemption of informed consent by the LA Biomedical Research Institute's institutional review board.
LA County is a metropolitan area spanning 4084 square miles with over 10 million inhabitants. EMS is provided by 32 municipal fire departments, one law enforcement agency, and 25 private ambulance companies with over 3900 licensed paramedics throughout the county. The LA County EMS Agency provides oversight of providers operating within the county, establishes protocols and procedures, and designates specialty care centers.
The An accepting physician must be contacted and approve the transfer. Individual signed transfer agreements are also encouraged between the SRC and nearby non-PCI hospitals to facilitate the transfer process. There is no system-wide policy on emergency department (ED) bypass. The decision to transfer the patient directly to the catheterization laboratory at the SRC is made by the accepting interventionalist on an individual patient basis. At inception, system-wide education emphasized rapid identification of patients with potential STEMI, ECG acquisition within 10 minutes of initial hospital arrival, immediate ECG interpretation by the treating physician, and preparation of the patient for transport while simultaneously contacting the SRC and 911 provider. Biannual meetings are held with all system participants to discuss best practices and system improvement. Using a standardized set of definitions, the SRCs report data on all patients with STEMI to a single registry, maintained by the LA County EMS Agency, which includes baseline demographic, clinical characteristics, processes of care, and in-hospital outcomes. Patients who are transported to the SRC for suspected STEMI are included in the registry regardless of their final diagnosis. Trained registered nurses abstract and enter patient data into a web-based datacollection tool. Completeness and accuracy of the data are continually reviewed by EMS agency staff with verification performed during site visits.
Clinical Perspective
What Is New?
• This study describes time to treatment in patients with STsegment-elevation myocardial infarction transfer in a large metropolitan regionalized ST-segment-elevation myocardial infarction network utilizing a system-wide "Call 911" protocol for rapid transfer.
What Are the Clinical Implications?
• This protocol may be utilized in ST-segment-elevation myocardial infarction systems to reduce transfer delays and improve time to treatment for patients with STsegment-elevation myocardial infarction requiring interfacility transfer.
Patients 18 years or older who require IFT for STEMI were identified in the registry from 2011 through 2014. Patients were excluded if they were transported by a private ambulance service or did not receive coronary angiography and PPCI. The data were then linked, using a unique identifier, to the EMS provider database to obtain the transport time interval, which was not available in the SRC registry. Study variables included patient demographics (age, sex, race/ ethnicity) and performance measures related to timeliness of PPCI (time of arrival at the referring hospital, time ECG obtained at the referring hospital, time of referring hospital departure, time of SRC arrival, time of PCI). If the referring hospital arrival time was not available in the registry, then time of initial ECG at the referring hospital was used as a proxy. If both times were missing, then that case was excluded from the analysis. In addition, data regarding whether the patient experienced out-of-hospital cardiac arrest (OHCA) were gathered, since this may affect timeliness of PPCI and selection of initial treating facility. Per LA County Protocol, patients with OHCA of presumed cardiac etiology who achieve return of spontaneous circulation are transported directly to the SRC. Intended to serve as a system reference, data were also abstracted for primary 911 transports of patients with STEMI treated with PPCI during the study period.
The primary outcomes were the median FMC2B time for patients with IFT and the proportion of patients meeting the 120-minute goal. An additional outcome was the proportion of patients with IFT treated within 90 minutes. The following time intervals were calculated: time from arrival at the referring hospital to departure (DIDO), time from departure from the referring hospital to arrival at the SRC (transport), and time from arrival at the SRC to PPCI (door-to-balloon [D2B]). All data were entered into Microsoft Excel (Microsoft Corporation) and transferred to SAS 9.4 (SAS Institute) for analysis. Time intervals are reported as medians with interquartile ranges (IQRs). A sensitivity analysis was performed excluding patients with STEMI complicated by OHCA. A linear trend in the median FMC2B time by year was assessed using the proc glm procedure in SAS, whereas the annual trend in the proportion of patients successfully meeting the 120-minute goal was evaluated with the Cochran-Armitage trend test.
Results
There were 2504 patients with STEMI transferred to one of 35 SRCs during the study period, of whom 2471 were transported via 911. Among transferred patients who utilized the Call 911 protocol, 1942 (79%) had emergent coronary angiography and 1410 (73%) of those patients received PPCI. Figure 1 shows the patient cohort. The median age was 61 (IQR 52-71) with 78% men ( was 111 minutes (IQR 88-153) with 56% of patients meeting the 120-minute goal. The DIDO was the longest time interval, with a median of 53 minutes (IQR 37-89) and 14% DIDO <30 minutes. The median time from patient arrival at the referring hospital to ECG was 9 minutes (IQR 3-23) . However, the mean time to ECG was 28 minutes, indicating a positive skew. Median EMS transport time was 9 minutes (IQR 7-12) and SRC D2B time was 44 minutes (IQR 32-60). Figure 2 depicts a timeline of the individual intervals and their contribution to the overall FMC2B time. Table 2 shows the time to treatment for the STEMI IFT cohort and for the primary 911 patients in the same regional system. For primary 911 patients, the median FMC2B time was 81 minutes (IQR 67-97). While the FMC2B was shorter for primary 911 transports, the SRC D2B was longer (median time, 63 minutes; IQR 50-78). Among patients with IFT, the median time from SRC ED arrival to arrival in the catheterization laboratory was reduced compared with primary 911 transports (18 minutes [IQR 3-29] versus 35 minutes [IQR 22-48]). There were significantly more patients in the primary 911 cohort who experienced OHCA (10% versus 2% in the transferred patients). After excluding patients with OHCA, the time to treatment in each group did not change. Although there was a nonsignificant decreasing linear trend in median FMC2B time among patients with STEMI IFT (P=0.7, Figure 3 ), there was a significant annual trend in the proportion of transfer patients who met the 120-minute goal for FMC2B time (P=0.008). DIDO, door-in-door-out (time at transferring facility).
Discussion
Using a Call 911 IFT protocol for patients with STEMI, the LA County regional cardiac system achieved a median FMC2B time within national guidelines. Fifty-seven percent of transferred patients with STEMI received PCI within 120 minutes. Multiple contemporary studies suggest that <30% of patients in the United States meet this goal. [10] [11] [12] 21, 22 One study, which limited transport time to within 60 minutes, reported that 65% of patients were treated within 120 minutes. 13 However, these studies likely overestimate performance, given that high-performing hospitals are more likely to submit data to the national registries. 12, 23 A recent evaluation in Korea demonstrated that timely treatment for STEMI IFTs remains a challenge and is not limited to the United States. 24 Lack of regional coordination and EMS use for primary transports contribute to overall delays within a STEMI system of care, 13, 24, 25 whereas a coordinated system can deliver timely care over considerable distances. 6, 26 Our results support a system-wide policy of using 911 for IFT of patients with STEMI. This adds to the prior single-center pilot study that demonstrated a reduction in median FMC2B by 50%, from 167.5 to 88.5 minutes after implementation of the Call 911 protocol. 19 Similarly, Tennyson et al 27 evaluated the use of the municipal 911 ALS ambulance service compared with a contracted private ambulance service for STEMI IFTs from a single community hospital to a tertiary care center. The authors found that use of the 911 provider reduced both time from notification to ambulance arrival and time from notification to patient arrival in the catheterization laboratory, thereby concluding that use of the 911 provider reduced door-to-catheterization times. 27 The RACE program emphasized municipal EMS use for IFTs and demonstrated a significant reduction in all treatment time intervals. 17, 18, 28 Evaluating the time intervals that contribute to FMC2B time (DIDO, transport, and D2B times), the longest interval was DIDO at the transferring facility. The median DIDO in our cohort was 53 minutes, with only 14% of patients achieving a DIDO of ≤30 minutes. In 2008, the American College of Cardiology (ACA) and the American Heart Association (AHA) recommended a DIDO at the transferring facility of ≤30 minutes. 21 However, this is difficult to achieve and even the best systems are achieving times of 45 minutes. 1 Our current results are better than the national performance data. Wang et al, using the ACTION (Acute Coronary Treatment and Intervention Outcomes Network) Registry-Get With the Guidelines, reported a median DIDO of 68 minutes and 11% of patients had a DIDO of ≤30 minutes. 14 Similarly, Herrin et al 29 found the median DIDO was 66 minutes using data reported by >1800 hospitals to the Centers for Medicare & Medicaid Services. Even in a system that achieves up to 79% FMC2B time within 120 minutes, the median DIDO was similar to our cohort at 54 minutes. 6 Prior studies have also associated transport time with delays. 13 The median transport interval was only 9 minutes using the municipal 911 provider agency. With nearly half of all hospitals in LA County designated as SRCs, the high concentration of resources contributed to the short transport times. In addition, because of a decreased time from ED arrival to catheter laboratory arrival, the D2B time at the SRCs for transferred patients was shorter than among patients arriving by primary 911 transport. Given that these patients were already evaluated by the emergency physician at the referring hospital, expediting ED care at the SRC or even ED bypass was more likely in this group. Given that DIDO is the biggest contributor to delay, our results suggest that improving processes at the transferring facility would be most effective to reduce time to treatment. Although potential solutions have been proposed, 25 prior experience has shown that improving DIDO is difficult, and delay in obtaining transport is a significant contributor. Miedema et al 4 evaluated reasons for delay within each time interval. At the referral facility, the most common reason for delay was awaiting transport, affecting 26% of patients and representing 40% of all delays. Using 911 transport is one factor that has been associated with reduced DIDO. 14 For patients who initially arrive by ambulance, using the same ambulance for the IFT reduces DIDO by eliminating the wait for transporation. 25 Glickman et al 18 found that adoption of a combination of EMS processes, which included municipal ambulance use and not offloading the patient at the referral facility, was associated with the shortest median time to treatment for STEMI. After implementation of these and other interventions in North Carolina, the authors reported a median DIDO similar to ours at 58 minutes. 18 While not achieving the ACA/AHA recommendation for DIDO, the use of 911 for IFT STEMI transport in LA County system was associated with reduction in FMC2B time inclusive of this time interval. Ongoing efforts may be directed at further reducing DIDO through improvement in processes at non-PCI hospitals and coordination between the transferring and receiving facilities. One concern may be the burden these additional calls could have on the 911 provider agency and the SRC, particularly if the false activation rate is high or the availability of 911 leads to inappropriate use for nonemergent transfers. In this cohort, 80% of patients received emergent coronary angiography. Of the patients who did not receive emergent coronary angiography, the procedure was deemed not indicated in 82%, whereas 9% had a contraindication or refusal, 2% died before the procedure. The reason was unknown in 7%. While these patients did not benefit from the intended intervention, and therefore represent "false-positives," the burden on the system is low, amounting to 1 patient every 3 months per SRC. Further, it is not known whether this frequency is related to the use of 911. Current data suggest that participating in IFTs is not likely to be a significant burden on the 911 provider. In a review of 7 years of IFTs completed by the LA Fire Department, Eckstein et al 30 found that IFTs represented <0.1% of calls, with an average total call time of 51 minutes, and <5% of IFTs were deemed to be potentially inappropriate 911 use.
As has been noted by prior authors, the use of 911 to reduce IFT delays highlights the importance of collaboration and coordination between all system participants to ensure timely care for patients with STEMI. The Cardiac Care Network of Ontario implemented a similar approach to EMS use for STEMI IFTs. In their consensus report, the authors specify that EMS is a "critical infrastructure requirement to ensure timely, reliable and appropriate transportation of the acute MI patient" and that "improvements in both the interfaciity transfers and repatriation process would be required." 31 No one entity is responsible for the FMC2B time, since it involves multiple time intervals, reliant on a coordinated system of care. In regional systems of care, awaiting a transport resource can result in unacceptable delays for timecritical emergencies. 32, 33 The mortality benefit of transfer for PPCI compared with fibrinolysis is limited to 120 minutes, and delays in transport can result in an inability to provide this preferred treatment within the recommended timeframe. The use of 911 for STEMI IFTs increases the availability of PPCI for the patients the regional system is there to serve.
Study Limitations
The biggest limitation to this study is lack of prior comparative data. The EMS system did not collect data on timing of IFTs prior to implementing the Call 911 protocol, so the direct impact of this protocol on time to treatment for patients with STEMI requiring IFT in the system cannot be calculated. Primary 911 transports are inherently different and cannot serve as a direct comparison. Twenty percent of patients transferred did not receive PPCI, and transfer times for these patients are not included in the study results. We are not able to evaluate any association between transfer modality and the frequency of transfers that do not receive the intended intervention. There was a significant percentage of patients with missing data on arrival time at the referral facility. All patient data are entered by the SRCs and these data were not always available. Use of the time of the initial ECG as a surrogate results in an underestimation of the FMC2B time in those patients. In addition, there are unmeasured confounding variables. Given the retrospective nature of the study and the limitations of the data registry, reasons for individual patient-related and system-related delays are unknown. The reason for the delay may be more important than the length of delay in regard to patient outcomes. 4 Finally, LA County is primarily urban-suburban, and therefore these results may not be generalizable to rural areas, where transport times are longer.
Conclusions
Using a Call 911 protocol in this regional cardiac care system, patients with STEMI requiring IFT had a median FMC2B time of 111 minutes, with 56% meeting the 120-minute goal.
